We show that grit, a non-cognitive skill that has been shown to be highly predictive of achievement, is malleable in the childhood period and can be fostered in the classroom environment.
Introduction
The Golsteyn et al. (2013) . In fact, the predictive power of non-cognitive skills appears to rival that of cognitive skills (Roberts et al., 2007 , Kautz et al., 2014 .
More importantly from a policy standpoint, there is now ample evidence suggesting that these important skills are malleable especially in the childhood period and can be fostered through educational interventions (Almlund et al., 2011 , Kautz et al., 2014 . 1 Among these skills, "grit" -which has not been studied extensively by economists but is likely to influence a myriad of economic decisions and outcomes such as entrepreneurial success, career development, college dropout rates and absenteeism -is the focus of this paper. 2 Grit is generally defined as perseverance in a productive task, and is also related to conscientiousness and to being able to set and work towards long-term goals. Hence, it is a non-cognitive skill that influences the motivation to set a goal, exert effort towards a goal and persevere in pursuing that goal in response to negative performance feedback. Given the ubiquity of challenging tasks and frequent performance feedback encountered in educational and employment settings, and the central question of how to motivate Conti et al., 2013) , and the project STAR (Dee and West, 2008, Chetty et al., 2010) . As an example of a targeted education, Alan and Ertac (2014) show that an educational intervention designed to improve forward-looking behavior in elementary school children leads to favourable outcomes not only in incentivized elicitation tasks but also in disciplinary conduct in school. 2 Grit has been shown to be associated with college GPAs and educational attainment. Grit also significantly predicts retention in different contexts: Grittier students are more likely to graduate from high school, grittier employees are more likely to keep their jobs, grittier soldiers are more likely to be retained in the army and grittier men are more likely to remain married. See Duckworth individuals to work harder, it is important to understand the nature of grit as a non-cognitive skill and to explore ways of enhancing it.
In determining "gritty" behavior, beliefs are likely to play a pivotal role since an individual will set ambitious performance goals and persevere in response to failures if her perceived return to exerting effort is sufficiently high. While beliefs about the existing stock of skill can play an important role in such decisions, beliefs about the role of effort in the production or performance process are also likely to be crucial. Considering longer-term, high-reward targets, these beliefs pertain to the role of effort in general ability development, i.e. to the malleability of ability through effort. If an individual believes that she can develop skills over time by exerting effort (e.g. by practice), she will be less discouraged by early failures and more likely to keep at the task, which will lead to higher achievement, especially if the performance technology is conducive to skill accumulation.
In this paper, we provide evidence that grit, an important non-cognitive skill, is malleable in the childhood period and can be fostered through targeted education in the classroom environment. Our evidence comes from the evaluation of a large-scale randomized educational intervention in elementary schools in Istanbul. The intervention aims to positively influence children's beliefs about the malleability of ability and the productivity of effort in the skill accumulation process, and thereby induce gritty behavior. The program is based on exposing children to a worldview in which ability, rather than being innately fixed, can be developed through sustained, goal-oriented effort. The core message is to highlight the role of effort in the skill accumulation process and thereby in achievement, and to discourage students from interpreting early setbacks and failures as evidence for a lack of innate ability.
The premise is that holding such beliefs about the performance technology will increase the motivation to exert effort and reduce fears of failure in challenging tasks, resulting in higher achievement.
The intervention material involves animated videos, mini case studies and classroom activities that highlight i) the plasticity of the human brain against the notion of innately fixed ability, ii) the role of effort in enhancing skills and achieving goals, iii) the importance of constructive interpretation of failures, and iv) the importance of goal setting. These materials are shaped by a multidisciplinary team of education consultants and elementary school teachers, and are conveyed by the students' own teachers who are trained before the program starts. In addition, teachers are encouraged to adopt a teaching philosophy that emphasizes the role of effort in everyday classroom tasks, e.g. while giving performance feedback and interpreting test results. In this sense, the program is not merely a set of material to be covered in a specified period of time, like a common curriculum item. Instead, it aims to change the students' beliefs about the importance of effort partly by changing the mindset of the teachers and the nature of the classroom environment. 3 We evaluate the effect of this unique training program using a large sample of 4th grade students (ages 9-10), in schools that have at least one teacher willing to participate in the program and are randomly assigned into treatment and control groups. 4 We measure the outcomes through a multi-faceted methodology that includes a novel incentivized experiment, pre-and post-treatment questionnaires, and actual school grades. The experiment is designed to elicit goal setting, perseverance and skill accumulation in an incentivized way, using a mathematical real effort task. Specifically, we elicit students' choices between a challenging high-reward and an easy low-reward task, and the dynamic response of this choice to negative performance feedback. The experiment also involves a temporal component, which allows us to observe longer-term skill accumulation in the challenging task through practice. In addition to experimental choices and outcomes, we have access to actual school outcomes measured by official grades on core academic subjects. We also measure students' beliefs about the malleability of ability and the role of effort in achievement, and self-reported attitudes and behaviors such as perseverance and goal orientation, using pre-and post-treatment questionnaires.
Our results reveal a striking impact of the intervention in terms of behavior and outcomes in the experimental task. In particular, we find that treated students are about 10 percentage points more likely to opt for the difficult high-reward task when offered a choice against the easier lowreward alternative. Furthermore, when they receive negative feedback in the difficult task, they are 18 percentage points more likely than students in the control group to persevere and attempt the difficult task again. When they are given the chance to do the task again in the following week, treated students are 14 percentage points more likely to set the goal of succeeding in the difficult task. We find that in the following week, treated students are indeed 9 percentage points more likely to succeed and eventually collect 16% higher payoffs than students in the control group. These findings suggest that treated students are more likely to engage in ability accumulation exercises in the week between visits.
These positive effects also extend to outcomes outside of the experiment: while we do not observe a significant improvement in average school grades, we estimate that treated students are about 3 percentage points more likely to receive top grades in overall core academic subjects -mathematics, social and life sciences, and Turkish. Results from the questionnaire hint that students' more positive 3 Blackwell et al. (2007) show that the students' mindset with regard to the malleability of intelligence has an effect on the trajectory of mathematics grades among 7th graders. More evidence on the relationship between mindset and achievement is provided by Aronson et al. (2002) and Good et al. (2003) . 4 Details of the phase-in evaluation design are given in Section 2.
beliefs about the malleability of ability and the productivity of effort are likely to have been a major factor leading to more ambitious goal-setting, more perseverance and more skill accumulation in the treatment group. We show that educational materials and activities, implemented in the children's natural classroom environment by their own teachers, can produce remarkable effects on behaviors related to goal-setting and perseverance and on eventual success and payoffs in a mathematical task, as well as actual school outcomes. Given the pivotal role of these non-cognitive skills for academic achievement and labor answer to the question of whether non-cognitive skills are malleable, and highlight a particular lowcost alternative that can be implemented to foster these skills in the natural environment of the classroom. Being able to achieve such an impact in the school environment offers hope for reducing persistent achievement gaps observed in many countries, where many educational policy actions aiming to enhance family inputs face challenges in engaging families of low socio-economic strata.
The paper is organized as follows. Section 2 presents details on the design and implementation of the educational intervention, and on the measurement of the different outcome variables of interest.
Section 3 contains details on the data, while Section 4 presents the results. Section 5 provides a discussion and Section 6 concludes.
Design and Measurement

Nature of the Intervention
Our educational intervention involves providing animated videos, mini case studies and classroom activities that highlight i) the plasticity of the human brain against the notion of innate ability, ii) the role of effort in enhancing skills and achieving goals, iii) the importance of constructive interpretation of setbacks and failures, and iv) the importance of goal setting. The aim of the training is to expose students to a worldview in which any one of them can set goals in an area of their interest and can work toward these goals by exerting effort. The materials highlight the idea that in order to achieve these goals, it is imperative to avoid interpreting immediate failures as a lack of innate ability or intelligence.
This worldview embraces any productive area of interest, whether it be music, art, science or sports.
While the target concepts of the materials were determined by the scientific team, specific contents (e.g. scripts) were shaped with input from an interdisciplinary team of education psychologists, a group of voluntary elementary school teachers, children's story writers and media animation artists, according to the age and cognitive capacity of the students. 5
To give an example, in an animated video, two students who hold opposite views on the malleability of ability engage in a dialog. The student who believes that ability is innate and therefore there is no scope for enhancing it through effort, points out that the setbacks she experiences are reminders of the fact that she is not intelligent. Following this remark, the student who holds the opposite view replies that she knows that setbacks are usually inevitable on the way to success; she interprets them as opportunities to learn, and therefore, they do not discourage her. The video contains further dialogs between these two students on similar ideas such as the importance of sustained effort in achieving one's long-term goals. Training materials also include stories in the form of mini-case studies containing similar ideas in different contexts. Visual materials and stories are supplemented by classroom activities created and supervised by teachers, based on general suggestions and guidelines put forward in the teacher training. For example, in a large number of schools, students prepared colorful posters that contain famous phrases of renowned individuals pertaining to the importance of grit and perseverance.
These posters were exhibited in these schools in the week during which the lives of famous scientists and explorers in history were covered as part of the life sciences curriculum. 6 In teacher training seminars, teachers were encouraged to adopt the ideas put forward in the materials as part of a teaching philosophy, and to implement them by praising the students' effort and their positive attitude toward learning, rather than just praising good outcomes. Teachers were also encouraged not to praise a successful student in a way which would imply that the student possesses superior intelligence (in the innate sense of the word), but were rather advised to highlight the role of effort in the student's success. In this sense, the intervention is not merely a set of materials to be covered in a specified period of time, like any other curriculum item, but rather an attempt to change the mindset of children by changing the mindset of the teachers. In order to assess how successful this attempt was, we conducted an anonymous survey among teachers at the end of the academic year and asked about their views on the ideas put forward in the materials. Figure 1 shows the responses of teachers in the treatment group to the question "how much do you agree with the ideas conveyed in the training?", while Figure 2 shows the responses to the question "how intensely did you implement the training material and suggested activities?". More than 95% of all teachers report that they agree with the ideas conveyed by the training and more than 90% report having implemented the training moderately or intensely. 7
Evaluation Design
The Turkish Ministry of Education encourages schools and teachers to participate in socially useful projects offered by the private sector, NGOs, the government and international organizations. These projects, upon careful examination and endorsement by the Ministry, are made available to interested schools. The Ministry allows up to 5 lecture hours per week for project-related classroom activities, and participation in these projects is at the discretion of teachers. Subject matters for these projects are many, and typical examples include environment, art, foreign languages, health, and dental care.
These are generally high quality projects designed and offered by the Turkish Ministry of Health, the Ministry of the Environment and international organizations such as the World Bank and the Regional Development Center. In the absence of any projects, students use the free hours as unstructured playtime, so these projects do not crowd-out any core teaching.
The program we develop and evaluate is offered as part of a corporate social responsibility project of the Turkish division of a major international bank. The main objective of the program is to improve key non-cognitive skills in elementary school children in the classroom environment, under the supervision of their own teachers. The program is implemented in a large number of state elementary schools in Istanbul with the permission and oversight of the Turkish Ministry of Education. In the last few decades middle class families in Turkey tend to prefer private schools over under-resourced state schools for their children. Therefore, the program mainly reaches students from lower socio-economic backgrounds.
In its full-fledged form, the program involves three major treatment arms, implemented using a version of a phase-in randomized-controlled design, whereby groups of treatment schools receive training in different semesters. 8 The first arm is designed as an intervention on time preference, for which students receive materials that highlight the importance of forward-looking behavior. The treatment group that is the focus of this paper (IT henceforth, for initial treatment) received this training in Spring 2013 for eight weeks. 9 The same students moved on to 4th grade and, in Fall 2013, they received training on grit for the entire semester, which constitutes the second intervention arm. Meanwhile, another group of students (CT henceforth, for control-then-treatment), received no training in Spring 2013 but received the training on forward-looking behavior in Fall 2013. This group never received the training on grit, which helps us isolate the potential confounding effects coming from the forward-looking behavior training in our main treatment arm. We will revisit this issue in Section 3 and show that this training does not have an independent impact on any of our outcome measures.
Finally, a group of schools received neither of the training materials during our measurement phases.
This group serves as the "pure control" group (PC henceforth). 10 After official documents were sent to all elementary schools in designated districts of Istanbul by the Istanbul Directorate of Education, 3rd grade teachers in these schools were contacted in random sequence and were offered to participate in the program. Teachers were informed that upon participation they would be assigned to different training phases within the coming two academic years. 11
Once a teacher stated a willingness to participate, we assigned their school into one of the three arms of the intervention. A willing teacher had a 40 percent chance of being in the initial treatment group 8 Figure 3 shows the complete evaluation design including the teacher training, training implementation, and measurement phases.
9 See Alan and Ertac (2014) for the evaluation of this arm. 10 All involved teachers were promised to eventually receive all training materials and to participate in training seminars but they were not told when within the next two academic years they would receive the treatment until the random assignment was completed. The promise of the training offer was made to the teacher and not to current students, i.e. while children in the pure control group will never receive the training as they move on to middle school after year 4, their teachers will, albeit at a later time. 11 The general intervention program was titled "financial literacy, saving and economic decisions" and no further information on the particulars of the program was disclosed.
IT, a 30 percent chance of being in the control-then-treatment group CT, and a 30 percent chance of being in the pure control group PC. It should be noted that random assignment was done at the school level and not at the classroom level, since the physical proximity of classrooms and teachers would have been likely to generate significant spillover effects. With this procedure, we finished up with 15 schools in IT, 10 in CT and 12 in PC, totaling 37 clusters (schools). 12 , 13 The sample generated with this design contains schools in which at least one teacher stated their willingness to participate in the program. Therefore, the estimated impact of the program is the average treatment effect on the treated and is not readily generalizable to the population. However, approximately 60% of the contacted teachers accepted our offer and the most common reason for non-participation was being "busy with other projects, although happy to participate in this program at a later date" (about 20%). The rest of the non-participation was due to "impending transfer to a school in another city, with a willingness to participate if the program is implemented there" (about 5%), and "not being in a position to participate due to private circumstances" (about 10%). Given these numbers, we conjecture that the external validity of our results is strong. We will revisit this issue when we discuss our results.
After completing the randomization and before launching training seminars for teachers in the initial treatment group (IT), data on a large set of variables were collected from the entire sample through student and teacher surveys to obtain baseline data (Phase 1). 14 After the training seminars for teachers were completed, the first arm of the program (training on forward-looking behavior) was implemented in Spring 2013 by the teachers in the IT group, and in Fall 2013 by the teachers in the CT group. The training on grit was given in the Fall 2013 semester, and we collected our experimental outcome measures related to the grit intervention in May 2014, approximately 4 months after the implementation of the grit training, and before the third arm of the intervention was implemented. 15 12 We lost one school in the CT group after the Spring 2013 intervention due to the participating teacher being transferred to another school outside of Istanbul, giving us 36 schools in total. 13 In practice, we filled the IT, CT and PC bins using a random number generator. We stopped calls after reaching 37 schools due to feasibility concerns in terms of physically visiting classrooms to collect experimental data and the constraints imposed by the academic calendar. Note that in order to ensure data quality, authors Alan and Ertac coordinated the field logistics, trained a select group of students and experienced interviewers to assist with data collection, and physically visited all schools to collect data.
14 All measurements are conducted with the approval of the local IRB and the permission of the Ministry. 15 This third arm was a 2-week intervention that involved showing children a video of 6 successful Turkish female role models in male-dominated occupations, and discussing aspirations in the classroom with an emphasis on girls. The women in the video talk about their childhood aspirations and how they overcame the difficulties they faced on the way to success. This arm was implemented by stratified sampling from each of three treatment groups (IT, CT, and PC). Although our experimental outcome data were collected prior to this intervention, official grades were given at the end of June 2014, preventing us from using final grades as outcome measures. However, we can still use the marks given for the spring examinations implemented prior to this intervention, which is what we do.
Experimental Task
Our design consists of two different visits, a week apart from each other. In the first visit, children go through five rounds of a mathematical real effort task. In particular, they are presented with a grid which contains different numbers where the goal is to find pairs of numbers that add up to 100. At the end of the five rounds, one of the rounds is selected at random and subjects get rewarded based on their performance in that round. Rewards depend on meeting a performance target. In all the tasks we present to the children, the target is to find three pairs of numbers which sum up to 100, within 1.5 minutes. Before each round starts, subjects have the chance to choose between two different types of tasks for that round: (1) the "4-gift game", which yields four gifts in the case of success and zero in the case of failure, and (2) the "1-gift game", which yields one gift in the case of success and zero in the case of failure. Although in both games the goal is to find at least three pairs of numbers adding to 100, the 4-gift game is more difficult than the 1-gift game. In particular, in the 1-gift game the grid is smaller, and the matching pairs are easier to identify. 16 In fact, the mean empirical success rate in the easy task ranges from 97% to 100% over the five rounds.
Before the five periods start, all subjects are given a large grid that contains many matching numbers and they are given two minutes to find as many pairs of numbers that add to 100 as possible. This is intended to both familiarize the children with the task before they make decisions, and measure task-specific ability. The rewards are such that children get a small gift for each pair they can find. 17 In the main 5-round part of the experiment, subjects are distributed two booklets of 5 pages each, the 4-gift game booklet and the 1-gift game booklet. Each booklet contains 5 pages that correspond to the 5 rounds of the relevant type of game. In addition, subjects are distributed a "choice sheet". Before a typical round starts, subjects are instructed to circle their game of choice for the upcoming round in their choice sheet, and then get ready to open the relevant page of their booklet of choice. They are then given 1.5 minutes to find as many matching number pairs as they can. All students are instructed to fold their arms once the 1.5 minutes are over. 18 During this time, experimenters go around the class and circle either "Succeeded" or "Failed" on the students' sheets for that round, based on whether at least 3 pairs were correctly found. As mentioned above, students have the opportunity to switch back and forth between the two types of tasks as the rounds progress.
The above procedures, whereby students work on their task of choice in each round have one exception. Before they make their choices for the first round, students are told that the choice they are about to make for the first round has a 50% chance of "counting". Specifically, there are two folded pieces of paper in a small bag, with one that says "free choice" and another that says "no choice".
If "free choice" is drawn, students work on the type of game of their choice in the first round. 19 If the "no-choice" paper is drawn, all students in the classroom play the difficult task. This procedure allows us to have a random subset of children where the effects of 1st round feedback on 2nd round task choices can be analyzed free of selection. From the 2nd round onwards, students are completely free in their choices, and their choices are implemented with 100% chance.
After the five rounds are completed, we inform the children that we will visit their classrooms once more in exactly a week's time. The children are told that they will play the game one more time during the second visit, and that they need to decide now whether they would like to play the 4-gift (difficult) game or the 1-gift (easy) game in a week's time. They are also told that they will have access to an "exercise booklet" which contains examples and practice questions that have a similar difficulty level to the 4-gift game. 20 Just as in the first round, in order to get a subsample to play the difficult game free of selection, the students' choices are implemented with 50% chance, and with 50% chance they play the challenging game in the next visit. Students are aware of this procedure when they make their choices, and they are also informed about which game they are going to play in the 2nd visit at the end of the 1st visit. 21 In the second visit, children perform the task that they chose in the previous week or the difficult task, if that was imposed in their classroom. They again have 1.5 minutes to find pairs of numbers that add up to 100. The game is played for one round, and rewards are based on performance during that round. 22 19 One child comes forward to make the selection in front of the class. 20 All children are given this booklet. 21 Actual rewards from the first visit are not revealed until after all the choices have been made for the second visit. In total, the first visit takes one lecture hour. 22 The reward basket in the second visit contains the same array of items that were used as rewards in the first visit.
Data and Baseline Information
Our sample contains information on 64 classrooms in 36 schools (clusters), and includes about 2,150 students, more than 1,700 of whom were present during our experimental task. Among the schools in our sample, 15 are in the treatment group and received the training on grit. In a preliminary analysis we compare students in schools that received the forward-looking behavior training to those in pure control schools, and we show that forward-looking behavior training has no independent effect on any of our outcome measures. 23 We therefore carry out our empirical analyses by pooling the 21 schools whose students did not receive grit training, and consider them as the control group.
Our baseline data contain a rich set of variables on key student characteristics reported by teachers such as social behavior, overall teacher-assessed academic success and the socio-economic status of the student's family. We also have access to the students' pre-intervention grades on three core subjects:
mathematics, life and social sciences, and Turkish. In addition to these measures, we have selfreported questionnaire data on the students' (i) baseline beliefs about the malleability of intelligence, (ii) attitudes and behaviors related to grit and perseverance, and (iii) self-confidence. Finally, we elicit measures of students' baseline cognitive function and risk attitudes. The former is collected using a Raven's progressive matrices test (Raven et al., 2004) , and the latter using a version of the Gneezy and Potters (1997) risk preference elicitation task. We use these baseline measures to assess the sample's balance across treatment status. We also use a number of baseline variables that are highly predictive of our outcome variables as covariates in estimating the average treatment effects. Table 1 presents the balance tests. Column 1 reports the overall mean in the sample, while columns 2 and 3 report the mean characteristics of the treatment and the control group, respectively. Column 4 shows the estimated difference between the treatment and the control group, which is obtained by running a univariate regression of the variable of interest on treatment status. Standard errors are clustered at the school level and p-values are reported in parentheses. We do not observe any statistically significant differences in key student characteristics such as socio-economic status, age, gender, the Raven test score and risk tolerance. More importantly, we also do not find any significant differences in students' baseline beliefs about the malleability of ability, their attitudes and behaviors related to grit and perseverance, or their self-confidence. Finally, we do not find any statistically significant differences in average core grades or the probability of receiving a top grade (defined as scoring 90 or above) in any of the subjects. We note that we use this particular variable, measured post-treatment, as our outcome variable. Together, these results suggest that the sample is balanced in terms of pre-treatment characteristics and that the randomization was successful.
As explained in Section 2, at the beginning of the first visit, there is an initial round that aims to familiarize students with the actual task. This round is designed to facilitate informed decision making for the following five rounds and it allows us to measure the students' task-specific skill level. This task consists of finding as many matching pairs as possible in a large grid of numbers. As presented in Table   1 , the number of pairs found in this task is not different across treatment status (see variable "Task Ability"). Since this measure is balanced across treatment groups and very highly predictive of the experimental outcomes, we use it as one of our covariates in estimating average treatment effects. Note, however, that the randomization ensures that the results (estimated effect sizes) are not affected by the choice of covariates, and that the highly predictive covariates such as task-specific ability, cognitive function and math grades greatly improve the precision of our estimates.
We first investigate whether decisions in our experimental task and self-reported attitudes and behaviors elicited in the survey are predictive of real outcomes. Using observations from the control group only, Table 2 shows that behavior in the experimental task significantly predicts test scores in school, over and above what can be predicted by cognitive ability. 24 In particular, students who choose the difficult task in all five rounds of the first visit have significantly higher math scores (column 1).
Whether or not the student chooses the difficult task for the second visit similarly predicts significantly higher math scores (column 2). Looking at the predictive power of the self-reported attitudes and behaviors, which were elicited before the intervention, we find that students who are more inclined to believe that ability is malleable and can be enhanced through effort are more likely to obtain higher math scores (column 3). The same is true for students who have rated themselves as being more perseverant (column 4). The estimated associations are considerable in size: The magnitudes of the point estimates in column 4 show that a one standard deviation increase in the Raven score predicts an increase in the math score by 6.8 points, while a one standard deviation increase in the perseverance score predicts an increase in the math test score by 3.8 points (about 55% of the effect size of the Raven test score). These results suggest that our measures, which capture at least some aspects of non-cognitive skills, have predictive power for important outcomes of interest, over and above cognitive skills. 24 Note that grades are measured on a 0 to 100 scale.
Results
Estimation of Treatment Effects
In order to test the null hypothesis that the program had no impact on the experimental outcome y E , we estimate the average treatment effect by conditioning on baseline covariates:
where T j is a dummy variable which equals 1 if school j is in the treatment group and zero otherwise, and X ij is a vector of observables for student i in school j that are potentially predictive of the outcome measures we use. These include performance in the task ability elicitation round, cognitive function, mathematics grades prior to the intervention, risk tolerance measured via an incentivized task based on Gneezy and Potters (1997) , gender, and two factors extracted from the baseline survey which capture (i) students' beliefs about the malleability of intelligence and (ii) students' attitudes and behaviors regarding grit and perseverance. The estimatedα 1 is the average treatment effect on the treated.
Estimates are obtained via a logit regression when the outcome considered is binary. This is the case for students' choices between the difficult and the easy task and for their success/failure in meeting the target. In the case of payoffs, the above equation is estimated via ordinary least squares.
In order to test the null hypothesis that the program made no impact on the real outcome y R , we estimate the average treatment effect using the same specification but using a different set of covariates.
In particular, when estimating the average treatment effects on grades we control for gender, the Raven test score, class size and all core subject grades prior to the intervention. 25
Treatment Effect on Choices and Outcomes in Real Effort Task: First Visit
We now assess the effect of treatment on the students' choices and outcomes in the fully incentivized experimental task. We begin by noting that there were a total of 123 students who were reported to have difficulties in understanding the task procedures and for whom we do not have valid entries. Our 25 In all empirical analyses, standard errors are clustered at the school level which is the unit of randomization. Our results are also confirmed if we assume the most conservative intra-cluster correlation, which is 100%. That is, all our results carry through even when we collapse our data into school means and estimate treatment effects using only 36 observations. All related analyses are available upon request and are also available in the online appendix posted at https://sites.google.com/site/salancrossley/ analysis shows that there is no statistical difference in the proportion of such students across treatment status (p-value=0.72). Therefore, we drop these observations from our analysis.
In every round, students decide whether to do the difficult more rewarding task or the easy less rewarding task. The binary outcome variable "success" is defined as finding three correct pairs or more. The categorical "payoff" variable takes the value 0 if the target of finding three pairs is not met, 1 if the easy game is chosen and the target is met, and 4 if the difficult game is chosen and the target is met. Table 3 presents the marginal effects from a logit regression where the dependent variable is a dummy which takes the value 1 if the student chooses to play the difficult game and zero otherwise.
As we see in the first row of the table, treated students are more likely to choose to play the difficult game in all five rounds. For example, in the first round, treated students are about 10 percentage points more likely to choose the difficult game (proportion of students in the control group who choose the difficult game in the first round is 73%). Looking at the last column, we see that treated students are about 9 percentage points more likely to consistently attempt the difficult game in all five rounds (baseline value for attempting the difficult game in all five rounds is 25%). What is striking about these results is the persistence of the treatment effect through all five rounds; while the number of students who attempt to play the difficult game falls toward the final round, the positive and significant treatment effect persists. Panel A of Figure 4 shows in visual clarity the estimated marginal treatment effects for the choice of the difficult game with 95% confidence intervals for all five rounds.
Why does the treatment cause such persistence in attempting the more challenging task? One explanation may be that the treated students believe that they can improve their performance on the difficult task with repeated attempts. However, this belief tends to fade as it becomes apparent that acquiring ability in this task requires more time and effort than provided in the first visit, which makes the incentive to switch to the easy game stronger. We further discuss this later in Section 5.2 where we propose a potential mechanism of behavioral change.
The next question is whether there is a treatment effect on outcomes in the first visit. Table 4 column 1 presents the estimated treatment effects on success in round 1 of the first visit for the sample which was forced to play the difficult game. This particular round is designed in such a way that allows us to (i) estimate the treatment effect on success in the difficult game, and (ii) estimate the impact of feedback received in this round on subsequent rounds' choices without selection. We will come back to the latter result in the following section. Table 4 shows that the probability of success in the difficult game is not significantly different across treatment groups. This is also true for payoffs in all rounds: the estimated treatment effects on payoffs in all five rounds are not statistically different from zero (see also Panel A of Figure 5 ).
These results show that despite the fact that a higher proportion of students in the treatment group chose to do the difficult task and despite the fact that the probability of success is much lower for this task, treated students did not end up with lower payoffs on average. Looking at the distribution of overall payoffs in the first visit we see that the distributions are not statistically different from each other. 26
The Effect of Negative Feedback
A constructive response to negative feedback is perhaps one of the most important skills that is associated with achievement in many domains. An important aspect of our intervention is to teach students not to immediately attribute failure to a lack of ability, and perseverance in the face of a setback is consistently praised and encouraged during training hours.
In an observational setting, the effect of negative feedback on an individual's subsequent actions cannot be assessed in a framework that is free from selection; feedback, by definition, comes in response to an action. Since engaging in an action in a voluntarily manner is likely to be endogenous to individual characteristics, so is the feedback such an action generates and so is the subsequent response to such feedback. This is evident in the case of our experimental setting, as students who self-select into the difficult task are more likely to receive negative feedback and differ sharply from those who do not select into the difficult task. In order to assess the response to feedback, one must ensure an exogenous variation in feedback, which is typically not possible in observational settings.
To identify the effect of the training on the way in which students respond to negative feedback, after collecting choices regarding the first round, we impose the difficult game on all students in randomly selected classes. This experimental design renders playing the difficult game free from selection so we can assess the effect of failure on subsequent choices, i.e. the choice for the second round. Recall that we find that the estimated treatment effect on success is not statistically different from zero when the difficult game was imposed in round 1 (see Table 4 column 1). Table 5 column 1 presents the estimated treatment effect on the probability of choosing to play the difficult game in the second round after failure in the first round. This analysis is done for the students who were forced to play the difficult game regardless of their choices in the first round and failed to meet the target of finding three correct pairs. The estimated difference between the treatment and control groups is striking. Treated students are about 18 percentage points more likely to choose to play the difficult game in the second round after failing in the first round's difficult game. This provides strong evidence that treated students persevere more after negative feedback, and we note this as one of the most encouraging impacts of the intervention. The fact that treated students are more likely to persevere after failure is also consistent with the idea that treated students believe that they can get better at the difficult game with repeated attempts. Note also that male students and, not surprisingly, students with higher initial ability are more likely to respond to the failure feedback by re-attempting the difficult game.
Goal Setting and Commitment to Ability Development
As explained in Section 2, at the end of the first visit we let the students know that we will come back exactly one week later and that they will play the very same game for one additional round. We also inform them that we have prepared a study booklet covering numerous examples of the game and tell them that if they want they can study/practice over the week using this booklet. We emphasize that this is entirely voluntary but most students decide to take the study booklet. We then collect their decision on which game they would like to play in the following week. After we collect these choices, all students in each class are informed whether they will all play the difficult game in the following week or the game of their choice. The purpose of this exercise is to test whether the treatment generates "goal-setting" behavior in the form of commitment to improve task related ability in the allowed six days before the second visit. We predict that students who believe that ability in this task is malleable through sustained effort and perseverance are more likely to set the goal of succeeding and therefore to commit to playing the difficult game, and are more likely to study and increase their chances to succeed.
This is exactly what we see in Table 5 column 2: treated students are estimated to be 14 percentage points more likely to plan to play the difficult game in the following week (baseline proportion is 45%).
Treated students did in fact take up the challenge of committing themselves to the difficult game -but did they actually study over the week? This is the question we explore in the next subsection.
Treatment Effect on Choices and Outcomes in Real Effort Task:
Second Visit
The temporal component of our experimental task, which involves another visit exactly one week later, serves a very important purpose for our study. It could be too optimistic to think that over rounds of only 1.5 minutes a student can improve her ability in a task via repeated trials. Undoubtedly, ability accumulation takes time and effort, and the amount of time and effort required to master a task varies according to the characteristics of the task and those of the person who is trying to master it. In this specific real effort task, we chose to give students one week, with the conjecture that it would be sufficient for motivated students to work through the exercises provided in the study booklet and that this effort would lead to a higher probability of success in the second visit. Table 6 presents the estimated treatment effects on outcomes of the second visit. The first column presents the treatment effects on success obtained from the sample that is forced to play the difficult game, while columns 2-4 present the treatment effects on payoffs. For the latter, we estimate treatment effects on the entire sample as well as conditional on whether the difficult game was imposed in the class or not. Looking at the first column, we see that treated students are about 9 percentage points more likely to succeed in the difficult game (baseline proportion is 50%). This effect is statistically significant at the 1% level. The increased success rate is reflected in payoffs: we estimate a statistically significant 16% treatment effect on payoffs for the overall sample (baseline average payoff is 1.91).
The estimated effects are similar for the imposed and unimposed samples (17% and 13% respectively).
Here, the Kolmogorov-Smirnov test reveals that the distribution of the mean deviated payoffs is not different across treatment groups, suggesting only a mean shift (p-value=0.37, Figure 7 ). Considering the combined payoffs of both visits, we estimate 11% higher payoffs for the treated students (column 5, Table 6 ). Table 7 shows suggestive evidence that the strong impact we estimate in the second week for the imposed sample is mainly driven by students who chose to play the easy game. For this group, the estimated impact on the success rate is about 11 percentage points, while the effect on payoffs is about 28%. This result suggests that the treatment was especially successful in motivating students who would have otherwise chosen not to study. Not surprisingly, we do not detect this effect for students who already planned to play the difficult game, i.e. those who are already motivated enough to study
(see columns 3 and 4).
A natural question is whether there is a type of student for whom the treatment was particularly successful. Presumably, treatment may have a differential impact on students with different taskrelated ability levels. For example, it is conceivable that a treatment of this sort might be effective in pushing a potentially able but reluctant student into planning to do the difficult task and in encouraging her to study. On the other hand, it may encourage a student with low ability to study as well, and since the performance technology is open to ability accumulation, we might observe success in the second week for these students. Our analyses do not reveal any significant heterogeneity in treatment effects with respect to gender, task ability and cognitive function. 27 
Treatment Effect on Real Outcomes: School Grades
The implication of the change in beliefs regarding the malleability of intelligence is far reaching. For one thing, a student who used to think that there is not much one can do to excel in an area, whether that be related to art or science, may now be convinced that all it takes is target setting and hard work. If this is the case, even in the short-run, we may be able to see improvements in other domains where sustained effort results in better outcomes. The obvious outcome to look at in this regard is actual school grades. For this, we collect official grades on core subjects -mathematics, life and social sciences, and Turkish -that reflect students' performance in Spring 2014, several months after the implementation of the training. Table 8 reveals that the treatment did not significantly affect the level of grades in each core subject and the level of overall core grades (defined as the average of the three subjects). Only when we focus on the top grades, defined as a score of 90 and above, we see truly striking results: the treated students are estimated to be 3.2 percentage points more likely to receive top grades in overall core areas, and this effect is statistically significant at the 5% level (Table 9, Figure 6 ). This is an effect of considerable size, given that the proportion of control group students with top grades is only 12%. We also observe that this effect is consistent through all three core subjects, i.e. the estimated coefficients are positive although they do not reach significance.
These results are encouraging. For one thing, if such an intervention is able to push several students to the top level (that is, from 4 to 5 in Turkish grading scale of 1 to 5) via changing their mindset about the role of effort in achievement, a similar but longer, more intense intervention has a lot of scope. Secondly, the aspirations of students who experienced high achievement through effort may change significantly and these changes may be permanent by creating a productive cycle of further effort and further success. The latter is particularly important from the policy perspective for areas in the world where parents are generally not engaged in the skill formation of their children for reasons such as illiteracy and poverty, and where as a result achievement rates are dismal.
Discussion
Optimality
An important question as regards an intervention of this sort is whether being gritty is good for everyone, i.e. whether it is optimal for children to always set challenging goals, persevere in the case of setbacks and engage in costly skill accumulation activities. Certain endeavors might not be worth the time and effort if they are unachievable or if the costs of perseverance required for success are so high that they outweigh the potential gains. In general, perseverance is more likely to pay off when the performance technology is conducive to skill accumulation and the costs of effort or investment are not too high.
In order to get some insight into this question, we investigate to what extent individual choices of task difficulty are payoff maximizing in expectation. More specifically, we first obtain an individual measure of each student's probability of success in each task given the student's baseline characteristics, using the empirical distribution of success. 28 We then calculate the student's expected payoff from choosing the difficult task and compare that with the expected payoff from choosing the easy task.
Once we have obtained an estimate of which task choice would be payoff-maximizing for each student, we compare this to the student's actual task choice. This allows us to categorize individuals into three different groups: (i) students whose choices were optimal in expectation (from the perspective of the econometrician), (ii) students who chose the difficult task although in expectation the easy task would have yielded higher payoffs, and (iii) students who chose the easy task although in expectation the difficult task would have yielded higher payoffs. We can do this for the first round in the first visit and estimate the treatment effect on over/under choosing the difficult task, since we can estimate the success rate in the imposed sample. Similarly, we can do the same analysis for the second visit using the plans made at the end of the first visit and success rates in the imposed sample and estimate the 28 To obtain a measure of the student's probability of success in the first (second) visit we run a logit regression of a dummy variable which equals 1 if the student was successful in the imposed difficult task in the first (second) visit on a set of covariates such as baseline task ability, gender, the Raven score, pre-treatment beliefs, the math test core and risk tolerance, and we obtain the predicted success probability for each student based on their individual characteristics. We apply this procedure separately for treatment and control group students, and we follow a similar strategy for obtaining the probability of success in the easy task. treatment effect on over/under investment in the difficult task in between visits. Table 10 presents the results. For the first round of the first visit, the results suggest that treated students are no more likely to choose the payoff maximizing task compared to students in the control group (baseline mean is 65%). They are also no more likely to over-or under-choose the difficult task in this round. When we turn to the choices for the second visit, we see a remarkable difference. In particular, treated students are 9.2 percentage points more likely to choose the payoff-maximizing task (baseline mean is 52%). While there is no effect of treatment on over-investment (baseline mean is 3%), we can see that treated students are 9.8 percentage points less likely to under-invest (baseline mean is 45%).
Why do we observe striking differences across the first and the second visit? A potential mechanism which could be at play is that the opportunities for skill accumulation differ between the two visits.
Having the belief that ability can be increased through goal-oriented effort will pay off when there is sufficient time for students to engage in skill accumulation activities. While choosing the challenging task might not have been better for treated students in terms of payoffs in the short run, it becomes the payoff maximizing choice when sufficient time is given to practice and accumulate skill. 29 We discuss a theoretical model that is based on this insight below.
A Potential Mechanism
Taken together, the findings indicate that the intervention was remarkably successful in changing children's behaviors and outcomes in the experimental task. Guided by our empirical results, we now contemplate a potential mechanism through which these changes might have been achieved. For this, we use a production function that maps ability and on-the-task effort into the number of pairs found (output), and an underlying ability accumulation technology that can help us characterize behavior in-between the two visits. With this model, we can better interpret our findings and, more importantly, we will have a theoretical framework we can use to think about the impact of the intervention on performance outcomes outside the experimental task, such as school grades.
Suppose that student i has a "true" production function which takes the standard CES form. For the sake of brevity assume that the output q k , which is the number of pairs found in the difficult game in a given round k, is a function of two main inputs, ability and effort: 30
where q 1 i,k is the number of pairs student i finds in round k in visit 1, A is the productivity parameter, a 1,i,k is task ability in visit 1 and round k, E i,k is the effort exerted during the task and ε i,k captures all omitted inputs and individual-and round-specific shocks. This production function is sufficiently flexible, as the substitutability of inputs is governed by the parameter ρ, via which perfect complementarity (as ρ → −∞), perfect substitutability (as ρ → 1) and Cobb-Douglas (as ρ → 0) cases can be obtained.
Using this framework, we postulate that the intervention may have changed the perceived production function by changing the students' beliefs about the parameters. In principle, all the parameters (A, α, β and ρ) in this representation could be influenced by the intervention. However, given the nature of the intervention and our empirical results, we argue first that the intervention has likely increased the perceived marginal product of effort E such that, using the potential outcomes framework, the perceived role of effort is higher for student i in round k if she is treated:
where the subscript d denotes the treatment status which equals 1 if student i is treated and zero otherwise. Everything else equal, this condition alone will lead to treated students being more likely to choose the difficult game in the first round if the student makes payoff-maximizing choices. 31 How the propensity to choose the difficult task changes after performance feedback will depend on how the students update their perceived production function. Empirical findings of note here are that (i) the estimated treatment effects on the choice of difficult task are significant in all rounds but the point estimates decline visibly as rounds progress (see Figure 4 ), and (ii) a decline in the propensity to choose the difficult task after the first round is observed in both the treatment and control group.
These findings suggest that the proportion of students attempting the difficult task approaches the empirical rate of success over time, which is consistent with a rational updating mechanism.
Such updating is based on revising down the belief about the marginal productivity of effort, which in turn can involve updating the role-of-effort parameter β and/or actual ability, a. When a 30 We define success as findingq pairs or more in the difficult game but the same threshold is imposed for the easy game. For the latter, the observed success rate is almost 100%. 31 A student will choose to play the difficult game if and only if P r(Success Dif f )π Dif f > P r(Success Easy )π Easy , where P r(Success) = P r(q ≥q), π denotes payoff andq denotes the required threshold. student is faced with a new task, it is likely that she is not fully informed about her ability level in this task. Recall that the estimated treatment effect on the success rate in the first round (in the imposed sample) of the first visit is not different from zero. This, and the lack of a difference on the ability-measuring task suggest that there was no task-specific ability difference across treatment status ex-ante. The decline in the proportion of students choosing the difficult task is consistent with students of both treatment status revising their perceived ability downward (toward its true level) as they receive negative performance feedback. This could be complemented, especially in treated children, with updates of the role of effort in the production process, since treated kids are likely to initially overestimate the role of on-the-task effort in production in the first visit where they have very little time in each round. 32 Treated children revising this parameter down after negative feedback leads to a decline in the propensity of choosing the difficult task, and a reduction in the treatment effect therein, as rounds progress.
After the first visit, with an opportunity to accumulate skills in-between visits, students decide whether to engage in ability investment. For this process, we assume a CES ability accumulation technology similar in spirit to Cunha, Heckman and Schennach (2010)
where a 1,i denotes student i's ability in the first visit, a 2,i denotes student i's ability in the second visit, and I denotes the investment made by the student to develop ability that is specific to this task.
Here, the intervention most likely influenced the perceived marginal product of this investment. Given the results we presented above on optimality, which suggest that there is significant under-investment by control group students and no significant over-investment by treated students, the following is likely to be true (potential outcomes for student i)
This would result in treated students setting more ambitious goals for the following visit by planning to play the difficult game, and making higher investments to enhance ability. Consequently, re-writing the true production function of the task in the second week as
since, everything else equal, a 2,d=1 > a 2,d=0 .
The above mechanism may again work via changes in beliefs with respect to the role of effort in success and ability accumulation. The belief that on-the-task effort (β) is a very important input for success would generate persistence in the choice of the difficult game in the first visit, and the belief that ability can be developed through effortful investment (λ) would lead to children studying and eventually achieving a higher likelihood of success, since the experimental task is conducive to ability development. Overall, changes in the perceived role of effort in production emerge as a likely mechanism that can explain both the first-visit and the second-visit results. 33
More support for this particular mechanism comes from our survey data. Table 11 presents the estimated treatment effects on the factors measuring the students' beliefs about the malleability of ability and the students' self-reported levels of perseverance. Treated students have significantly higher belief and perseverance scores controlling for associated baseline scores and some key student characteristics such as gender, cognitive function and school grades. 34 The estimated increases in the scores of malleability of ability and self-reported perseverance support our proposed mechanism. The intervention is likely to have changed the students' beliefs about the skill accumulation technology by emphasizing the role of effort in eventual success. A student who once believed that ability is a fixed individual trait, may now think that it is malleable through effort. Such a student would be expected to now invest more time and effort into a given task, accumulate skill and consequently be more likely to succeed in meeting the target. Such an increase in the students' beliefs about the malleability of ability is also 33 Other potential changes in the perceived production function as a result of treatment might have been through lowering the importance of ability (α) or increasing the substitutability parameter ρ in the production function. Treatment making students believe that ability is not that important (lower α) would, however, be inconsistent with the 2nd-visit results. Children who believe that ability is not that important would be less willing to invest in costly skill accumulation. Similarly, treated students believing more in substitutability of ability with on-the-task effort would not invest in ability development for the second visit, and would not be more likely to actually succeed.
34 See Figures 8 and 9 for the pre-treatment and post-treatment distributions of the residual factor scores.
likely to lead to an increase in perseverant actions as reported by the students, since these actions will be perceived to be more rewarding in a world where repeated attempts/trials with respect to a specific task lead to skill accumulation. 35
Conclusion
We evaluate a large-scale randomized educational intervention that aims to enhance grit in the classroom environment using outcome measures we obtained from a real effort task and actual school grades.
We find that treated students are significantly more likely to engage in skill accumulation exercises and consequently, more likely to succeed and collect higher payoffs in the experimental setting. The intervention also has a positive effect on school grades in core academic subjects. A potential caveat relates to external validity, since program participation was voluntary. However, as mentioned in Section 2, the majority of teachers who did not participate in our program expressed constraints rather than a lack of willingness to participate. Only about 10% of the contacted teachers rejected our program offer by either stating that they are "not in a position to participate due to private circumstances" or simply by not returning our call. Given these numbers, we believe that the external validity of our results is strong and scaling-up a low-cost program like this is likely to be effective.
On a final note, our results are short-term and we do not yet know whether the impacts achieved will change over time as students age and become adolescents. However, the results may not be shortlived if the intervention altered beliefs and aspirations and encouraged some students to exert extra effort and consequently to succeed, since success realizations attributed to high effort might create a productive cycle of further effort and further success. In this regard, future avenues of research this study motivates abound, ranging from settings where alternative intensities (durations) of interventions are tested to measuring longer term effects on both students in our sample and new cohorts of students who will be taught by the teachers in our sample.
[33] Sutter, M., Kocher, M.G., Ruetzler, D. and Trautmann, S.T. (2013), "Impatience and Uncertainty:
Experimental Decisions Predict Adolescents' Field Behavior", American Economic Review, 103(1), pp. 510-531 (Raven et al., 2004) . Task ability refers to the student's performance in the ability measuring round of the experiment. Risk tolerance was elicited using the incentivized Gneezy and Potters (1997) task. The student's wealth, behavior and success is based on reports by teachers. Top grades in each subject are defined as scoring 90 or above. * Reported estimates are marginal effects from logit regressions. Standard errors are clustered at the school level (unit of randomization) and reported in parentheses. * p<0.10, ** p<0.05, *** p<0.01 ** The outcome variable in columns 1-5 is a dummy variable which equals one if the student chooses to do the difficult task in the respective round. The outcome variable in column 6 is a dummy variable which equals 1 if the student chooses to do the difficult task in all five rounds of the first visit. Treatment is a dummy variable which equals 1 if the student attends a school which has been treated with the grit intervention. Task ability refers to the student's performance in the ability measuring round of the experiment. The Raven score is measured using a progressive Raven's matrices test (Raven et al., 2004) . The variables malleability and perseverance are extracted factors from the pre-treatment student survey. Math scores are measured pre-treatment. Risk tolerance was elicited using the incentivized Gneezy and Potters (1997) task. *** Control mean refers to the unconditional mean of the outcome in the control group. * Reported estimates in column 1 are marginal effects from a logit regression. Reported estimates in columns 2-6 are obtained using least squares. Standard errors are clustered at the school level (unit of randomization) and reported in parentheses. * p<0.10, ** p<0.05, *** p<0.01 ** The outcome variable in column 1 is a dummy variable which equals 1 if the student was successful in meeting the target. Estimates in column 1 are obtained for students for whom the difficult task was imposed. The outcome variable in columns 2-6 is the student's payoff in the respective round. Estimates are obtained for all students. Treatment is a dummy variable which equals 1 if the student attends a school which has been treated with the grit intervention. Task ability refers to the student's performance in the ability measuring round of the experiment. The Raven score is measured using a progressive Raven's matrices test (Raven et al., 2004) . The variables malleability and perseverance are extracted factors from the pre-treatment student survey. Math scores are measured pre-treatment. Risk tolerance was elicited using the incentivized Gneezy and Potters (1997) task. *** Control mean refers to the unconditional mean of the outcome in the control group. and reported in parentheses. * p<0.10, ** p<0.05, *** p<0.01 ** The outcome variable in column 1 is a dummy which equals 1 if the student was successful in meeting the target. The outcome in columns 2-4 is the student's payoff in visit 2. The sample used in the analysis either contains all observations ("All"), the observations for whom the difficult game was imposed ("Imposed") or for whom it was not imposed ("Not Imposed"). The outcome variable in column 5 is the sum of the average payoff in visit 1 and the payoff in visit 2. Treatment is a dummy variable which equals 1 if the student attends a school which has been treated with the grit intervention. Task ability refers to the student's performance in the ability measuring round of the experiment. The Raven score is measured using a progressive Raven's matrices test (Raven et al., 2004) . The variables malleability and perseverance are extracted factors from the pre-treatment student survey. Math scores are measured pre-treatment. Risk tolerance was elicited using the incentivized Gneezy and Potters (1997) task. *** Control mean refers to the unconditional mean of the outcome in the control group. Standard errors are clustered at the school level (unit of randomization) and reported in parentheses. * p<0.10, ** p<0.05, *** p<0.01 ** The outcome variable in columns 1 and 3 is a dummy which equals 1 if the student was successful in meeting the target. The outcome in columns 2 and 4 is the student's payoff. Estimates in columns 1 and 2 use observations for whom the difficult task was imposed but who would have preferred to do the easy game. Estimates in columns 3 and 4 are obtained using observations for whom the difficult task was imposed and who also preferred the difficult game. Treatment is a dummy variable which equals 1 if the student attends a school which has been treated with the grit intervention. Task ability refers to the student's performance in the ability measuring round of the experiment. The Raven score is measured using a progressive Raven's matrices test (Raven et al., 2004) . The variables malleability and perseverance are extracted factors from the pre-treatment student survey. Math scores are measured pretreatment. Risk tolerance was elicited using the incentivized Gneezy and Potters (1997) task. *** Control mean refers to the unconditional mean of the outcome in the control group. * Estimates are obtained using least squares. Standard errors are clustered at the school level (unit of randomization) and reported in parentheses. * p<0.10, ** p<0.05, *** p<0.01 ** Outcomes are the math, social science and Turkish scores, and the overall mean of the three scores. Treatment is a dummy variable which equals 1 if the student attends a school which has been treated with the grit intervention. The Raven score is measured using a progressive Raven's matrices test (Raven et al., 2004) . Additional controls are the pretreatment grades in all three core subjects and class size (ln). *** Control mean refers to the unconditional mean of the outcome in the control group. Math (pre) 0.006 * * * 0.003 * * * 0.003 * * * 0.005 * * * (0.00) (0.00) (0.00) (0.00) Life/Social Sc. (pre) 0.006 * * * 0.006 * * * 0.008 * * * 0.006 * * * (0.00) (0.00) (0.00) (0.00) Turkish (pre) 0.001 * 0.005 * * * 0.005 * * * 0.004 * * * (0.00) (0.00) (0.00) (0.00) * Reported estimates are marginal effects from logit regressions. Standard errors are clustered at the school level (unit of randomization) and reported in parentheses. * p<0.10, ** p<0.05, *** p<0.01 ** The outcome variable is a dummy variable which equals 1 if the student has top grades (defined as scoring 90 or above) in math, social science, Turkish and the overall mean of the three scores. Treatment is a dummy variable which equals 1 if the student attends a school which has been treated with the grit intervention. The Raven score is measured using a progressive Raven's matrices test (Raven et al., 2004) . Additional controls are the pre-treatment grades in all three core subjects and class size (ln). *** Control mean refers to the unconditional mean of the outcome in the control group. * Estimates are marginal effects after logit regressions. Standard errors are clustered at the school level (unit of randomization) and reported in parentheses. * p<0.10, ** p<0.05, *** p<0.01 ** To define the dummy variables which indicate whether the student chooses optimally, over-invests or under-invests we compare the actual task choices to the choices which are payoff-maximizing in expectation. Treatment is a dummy variable which equals 1 if the student attends a school which has been treated with the grit intervention. Task ability refers to the student's performance in the ability measuring round of the experiment. The Raven score is measured using a progressive Raven's matrices test (Raven et al., 2004) . The control variables malleability, perseverance and confidence are extracted factors from the pre-treatment student survey. Math scores are measured pre-treatment. Risk tolerance was elicited using the incentivized Gneezy and Potters (1997) task. *** Control mean refers to the unconditional mean of the outcome in the control group. * Estimates are obtained using least squares. Standard errors are clustered at the school level (unit of randomization) and reported in parentheses. * p<0.10, ** p<0.05, *** p<0.01 ** The outcome variables are malleability, perseverance and confidence which are factors extracted from the post-treatment student survey. Treatment is a dummy variable which equals 1 if the student attends a school which has been treated with the grit intervention. Task ability refers to the student's performance in the ability measuring round of the experiment. The Raven score is measured using a progressive Raven's matrices test (Raven et al., 2004) . The control variables malleability, perseverance and confidence are extracted factors from the pre-treatment student survey. Math scores are measured pretreatment. Risk tolerance was elicited using the incentivized Gneezy and Potters (1997) task. *** Control mean refers to the unconditional mean of the outcome in the control group. 
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